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• Standard Model            works too well !
 explains data collected & describes processes up to energies    100 GeV

• What is Beyond the SM           is certainly very exciting!

! 

"

Some of the key open questions:
The origin of Electroweak Symmetry breaking:  The Higgs Mechanism?
     How to stabilize the Higgs quantum corrections:
The nature of Dark Matter
The explanation for the observed matter-antimatter asymmetry
The connection of electroweak and strong interactions with gravity

Collider Experiments                Tevatron,  LHC, ILC
                                                         +
                    Dark Matter Detection Experiments            CDMS

==>   our most robust handle to reveal the new physics
that should answer these questions

?M  Why v Pl<<

Are there New Symmetries in Nature, as SUPERSYMMETRY, which can
provide the right answers?



                    In the Standard Model:  The Higgs Mechanism

a self interacting complex scalar doublet with no trivial quantum numbers under SU(2)L x U(1)Y



The Flavor Structure in the SM

• The complete fermion Lagrangian

    In the mass eigenstate basis, the interactions of the Higgs field are also
    flavor diagonal

    Flavor Changing effects arise from charged currents, mixing left-handed
    up and down quarks:
                                                                    where

•   The CKM matrix is close to the identity ==> transitions between different
     flavors are suppressed in the SM

•   The Higgs sector, as well as the neutral gauge interactions do not lead
     to FCNC



FC effects in B observables in the SM
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Mass eigenstates:
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Direct  Measurement and Global CKM Fit
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B) Rare decay rate
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C) Rare decay rate 
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D)               transition
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Flavor Beyond the Standard Model
• Two Higgs doublet Models:
            Yukawa interactions ==>

Both Higgs doublets acquire different v.e.v.’s and  the mass matrix reads
                               ==>

Diagonalization of the mass matrix will not give diagonal Yukawa couplings
==> will induce large, usually unacceptable FCNC in the Higgs sector

Easiest solution:  One Higgs doublet couples to down quarks and the other
couples to up quarks only

 Supersymmetry, at tree level

Since the up and down sector are Since the up and down sector are diagonalized diagonalized independently, the Higgsindependently, the Higgs
Interactions remain flavor diagonalInteractions remain flavor diagonal      



The flavour problem in SUSY Theories
SUSY breaking mechanisms ==> can give rise to large FCNC effects

• Novel sfermion-gaugino-fermion interactions, e.g. for the down sector

where         come from the block diagonalization of the squark mass matrix

• The diagonal entries are 3x3 matrices with                  the soft SUSY
     breaking mass matrices and the rest proportional to the Yukawa or
• The off diagonal matrices are proportional to the Yukawa and to the soft

SUSY breaking matrices Ab  coming from the trilinear interactions of the
Higgs doublets with the sfermions
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Minimal Flavor Violation (MFV)

• At tree level, the quarks and squarks
 diagonalized by the same matrices

Hence, in the quark mass eigenbasis the
squark masses are block diagonal and the
Only FC effects arise from charged currents
via VCKM as in the SM .
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• At loop level , FCNC generated by two main effects:
       1) Both Higgs doublets couple to the up and down sectors
                 ==> important effects in the B system at large tan beta

        2) Soft SUSY breaking parameters obey Renormalization Group  equations:
     given their values at the SUSY scale, they change significantly at low energies
        ==> RG evolution adds terms prop. to
 In both cases the effective coupling governing FCNC processes



           enhanced loop corrections
to neutral Higgs-fermion couplings

The      factors correspond to the diagrams:
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     In terms of the mass eigenstates:

where Mu, Md are the physical quark mass matrices,
     V is the physical CKM matrix and the matrix R:

• Considering the squark masses flavour diagonal  R diagonal
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Flavor Conserving Non-Standard Higgs-fermion couplings
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2 Higgs SU(2) doublets      and      : after Higgs Mechanism
 ==> 5 physical states:  2 CP-even   h, H      with mixing angle
                                         1 CP-odd      A        and a charged pair
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Non-Standard Higgs Production at the Tevatron and LHC

••            Enhanced couplings toEnhanced couplings to  b quarksb quarks   and  and tau-leptonstau-leptons
••            Considering value of running bottom mass and 3 quark colorsConsidering value of running bottom mass and 3 quark colors
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Searches for Non-Standard Higgs bosons at the Tevatron
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••    Strong dependenceStrong dependence      on SUSYon SUSY  parametersparameters
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B) In the B) In the tau tau tau tau inclusive modeinclusive mode
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••  Important reach in the large tanb-mA plane

• Softer dependence on SUSY parameters via radiative corrections



Higgs Mediated FCNC in the down-quark sector

• In the MFV scenario, the neutral Higgs flavor changing Lagrangian
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          Correlation between Bs mixing and
      due to         enhanced Higgs mediated flavor violating effects
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•  What can we learn from Bs-mixing?

! 

CDF limit

Using CKM fitter

Using UT fit

Upper bound on new physics from CDF measurement

How strong is the bound on                            ?
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•  For natural values of mA< 1000 GeV ==> largest contributions at most a few ps-1

M. C. et al. hep-ph/0603106
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CKM fit

UT fit Consistent with CKM fit
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Light stop scenario==Light stop scenario==> > compatiblecompatible
withwith  Electroweak Electroweak BaryogenesisBaryogenesis

Within this scenario,Within this scenario,    small values of small values of mu  mu  (< 250 (< 250 GeVGeV) are) are
strongly strongly disfavour disfavour by bounds from Bs-mixingby bounds from Bs-mixing





 Flavor Changing in the charged Higgs coupling

• Similarly to the neutral Higgs case, we have            enhanced loop
corrections which depend on SUSY  parameters

! 

! 

h
d

! 

t
R

! 

d
L

! 

˜ d 
L

! 

˜ t 
R

! 

"
1

±

! 

h
t ! 

tan"

! 

ˆ Y 
u
 "

0

'

! 

"Leff

H
±

= u R
J
 PRL

JI
 dL

I
 H

+
+ u L

J
 PLR

JI
 dR

I
 H

+
+ h.c.

! 

P
LR

J 3 =
2

v

m 
b
tan"

1+ #
0

3
*

tan"( )
V

CKM

J 3

! 

P
LR

3I "
2

v
m 

t
cot# V

CKM

3I
1$ tan# %

0

' $%
Y

'
h

b

2( )( )

! 

h
u

! 

h
d

! 

h
d

+

! 

d
L

! 

t
R

! 

˜ t 
L

! 

˜ d 
R

! 

"
1

±

! 

ˆ Y 
u
 "

Y

' ˆ Y 
d

ˆ Y 
d

This type of corrections are most important in  constraining new
physics from                   and

! 

B" X
S
#

! 

B
u
"#$

! 

P
LR

33
= P

LR

J 3
(J" 3, #

0

3
*

"$
b

*
)



Contributions to
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B and Higgs Physics at the Tevatron and the LHC:
 explore complementary regions of  SUSY parameter space

 MSSM Higgs searches probe large tan     and MA regions via the inclusive
  process                                    => only small SUSY model dependence

  Higgs mediated FCNC can enhance the rare decay rate                      up to
levels accessible at the Tevatron  => explores efficiently large tan     and MA region
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•  Enhanced reach at the LHC



The LHC will probably find evidence of DM particles through
missing momentum and missing energy analyses

The ILC will determine its properties with extreme detail, allowing to
compute which fraction of the total DM density of the universe it makes

Dark Matter at Colliders

SUSY models which explain DM
and Matter-Antimatter Asymmetry

ILC sensitivity to DM density
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A particle physics understanding of cosmological questions!
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Outlook



• Direct Higgs search at LEP

• Constraints on        from precision tests of the SM
    (accuracy at the per mille level) from CERN, Fermilab, SLAC
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final LEP result, 2003

Although the Higgs boson has not been seen and its mass is unknown, it enters via
loop corrections in electroweak observables: particle masses, decay rates, etc
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All electroweak parameters have at most logarithmic dependence on
However, preferred value of          can be determined!m
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To avoid a light Higgs Boson, must have new phenomena below 1 TeV
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SM express review on Bs Mixing

Mass eigenstates:
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Correlation between Bs mixing and
     due to Higgs mediated flavor violating effects

Upper bound on new physics contribution based on CDF measurement:
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